The Zechstein (Upper Permian) salts are extensively distributed in the Northeast German Basin (NEGB). Their formation and movements have attracted great attention to discovering the accumulation and exploration of hydrocarbon sources, as well as the salt production. But the previous studies are validated in cases and a general view on these studies is scarce. By analyzing and integrating previous studies, the history and structure evolution of Zechstein salts were reviewed in this paper. Seven cycles of Zechstein salt (Na1, Na2, Na3, Na4, Na5, Na6, Na7) with distinct composition and thickness were deposited after a series of marine transgressions and regressions during the Upper Permian. The Na1 (300 m) locally developed in a lagoon environment. The thick Na2 (over 500 m) was widely deposited in the whole basin. The Na3, Na4, Na5, Na6 and Na7 decreased progressively in thickness and distribution. These salts should have been moved as a result of regional tectonics taking place from Triassic to Early Cenozoic, which changes the original distribution of salts, resulting in the formation of different salt structures (pillows and diapirs). Salt movement was more intensive in central and southern parts of the basin forming narrow and widely-distributed salt diapirs, while it was less intensive in the northern parts where salt pillows are the major structure. The salt meadow and saline springs are also present, which are attributed to the salinization of the groundwater. By this study, we review the history and structure development of the Zechstein salt in the NEGB by associating each individual study and figure out the common and regional characters of the salt in this region.
Introduction
Salts in the underground have been considered as a chemical base for production of many important industrial products. In addition, the thick salt is regarded as a suitable media for the disposal of nuclear waste due to their geologic stability, predictable engineering and physical behaviour and imperviousness to groundwater [1] . Salts also play an important role in the accumulation and exploration of hydrocarbon sources [2] [3] [4] [5] [6] [7] . The Zechstein (Upper Permian) salt is the most widespread salt in the Northeast German Basin (NEGB) [8, 9] . It contains rock salt, potassium-magnesium salts and thick sulphates in the structure of diapirs, pillows and walls [10, 11] . It was reported that the Zechstein salt originated from the seawater. With the marine transgression, a flooding on cyclic Zechstein sedimentation is initiated in the Southern Permian Basin [6, [12] [13] [14] [15] [16] [17] [18] [19] [20] . After marine transgression, a regression is followed, which results in the lowering of sea level and the precipitation of the Zechstein salt at the arid climate. When the next marine transgression comes, the precipitation of Zechstein salt is ceased and the first cycle of the Zechstein salt forms. Followed by next marine transgression and regression, the subsequent cycles of the Zechstein salt are formed. In the NEGB, the thick Zechstein salt units (totally up to 2000 m in the basin center) are mainly formed in the Upper Permian.
The salts movement in the NEGB has been intensively studied because the structural setting of Mesozoic and Cenozoic deposits is strongly dependent on the distribution of mobilized Zechstein salt. Previous studies have discovered the salt moving path and the trigger force for such a process [8, 10, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . In 1960, the halokinetic model of basinal salt movement was first described by Trusheim [31] in the North German Basin. Since then, many mechanisms of salt movement have been proposed, but some of them are inconsistent. For example, Trusheim [31] suggested that the buoyancy is the major trigger to initiate the movement while other scientists [8, 23, [28] [29] [30] [32] [33] [34] proposed that the regional tectonics plays an important role in triggering the salt (Zechstein) movement. In addition, Waltham [35] suggested that the flexural buckling and hanging-wall drag of the overburden could cause salt movement much more than that caused by buoyancy. The controversy is also present in the study of salt deformation [35] [36] [37] [38] [39] [40] [41] [42] [43] . Vendeville and Jackson [44] suggested that regional extension can initiate and drive salt diapirism provoking thin-skinned deformation of the basin while Stewart and Coward [42] attributed the deformation to the compression of the sedimentary overburden.
The importance of salt and the existence of scientific controversy in the NEGB inspire us to make a review study on this sediment. Our aim is not only to overview the study of Zechstein salt in the NEGB but also to find the relevance of each individual study in this area. Our review starts from the formation of Zechstein salt followed by salt movement and its influence on the geological structures. A perspective on the Zechstein salt is pointed out in the end.
Geological Setting
The Northeast German Basin (NEGB) is a sub-basin of the Southern Permian Basin which extends from eastern England through the Netherland and North Germany to Poland [9, 19] . The NEGB is located in the south to the Harz Mountains, the north to the island Ruegen and east to the boundary of Poland (Figure 1) . The NEGB presents asymmetric in geometry with different structural styles in the northern and the southern flanks, probably due to different basement structures [45] . The northern is steeper than southern showing different geometries [28] . Compared to the northern part of the basin, the southern margin is controlled by a large fault system (such as Gardelegen Fault, Figure 1) .
The Sediments in the NEGB range in age from Permian to present and have a thickness of 10 -12 km in the central parts [11, 46] . The formation of the NEGB started in the Permo-Carboniferous with extensive volcanism [19, 46, 47] (Figure 2) . Following the cessation of volcanism the basin underwent the first and the maximum thermal subsidence which was lasted more than 250 Ma (from Early Permian to the end of the Middle Triassic) [9, 11, 29, 48] resulting in the formation of Lower Permian (Rotliegend) composed of clastic sediments of Aeolian sandstones, fluvial fans and shallow-lake deposits [49] (Figure 2) . The overlying Zechstein sequences are composed of cyclic carbonates and evaporites (salt and anhydrite), which were deposited as a result of repeated marine transgression in Upper Permian [16] . The Zechstein salt is up to 2 km thick in the center of basin. In the Mesozoic, in combination of a series of subsidences, the sedimentation was mainly controlled by transgressions and regressions of the Tethys Ocean from the south of the basin [19] . The Lower Triassic is characterized by terrestrial red-bed sequences of clastic alluvial fans, lacustrine and sabkha deposits, overlain by Middle Triassic shallow marine carbonates [28] . In the Late Triassic, terrestrial facies were deposited with the interbedded by sequences of carbonates, anhydrite and halite. In the Jurassic and Cretaceous, the shallow marine environment sediments (marls and carbonates) were mainly deposited. However, parts of the Jurassic and Triassic sediments were eroded in some uplifted areas, especially in the northern part of the basin in the Late Jurassic to Early Cretaceous. The Cenozoic sediments consist of unconsolidated Tertiary to Quaternary deposits, which discordantly overlay Mesozoic strata. Tertiary sediments compose of fluvial sands, marine marls and clays while fine clayey and coarse-clastic sediments are deposited in Quaternary [29, 50] . The huge Zechstein salt in the NEGB plays an important role in the deformation of the overburden [8, 10, 11, 30, 32] . Deformation geometry may vary in response of the direction and magnitude of regional stress as well as of the mechanical properties of other sedimentary layers. From Late Triassic to Early Jurassic, a regional E-W directed extension influenced the evolution of the NEGB and initiated the first period of Zechstein salt movement [8, 11, 32, 48, 51] . During the Late Cretaceous to Early Cenozoic, a regional NNE-SSW directed compression not only leads to uplift and erosion in this basin with differential inversions in the southern part and along its margins, but also causes intensive salt movements [8, 10, 32] . Towards the south the deformation of salt overburden is increased in the NEGB. In contrast, the salt layer is almost undeformed in the northwestern part of the basin [10] . The internal structure of the NEGB is strongly determined by the distribution of salt [29, 45] .
Formation of Zechstein Salt
Based on the chemical analysis of fluid inclusion in marine halite [54, 55] , the Zechstein (Upper Permian) sequence in the NEGB was suggested to deposit in a time period of about 7 million years (from 258 to 251 Ma). The formation of Zechstein sequence is a result of a series of marine transgressions and regressions [56] . With a fall of the Zechstein sea level, the salinity of the seawater greatly increases as a result of high evaporation rate, which finally makes the seawater reach oversaturated. Carbonates firstly precipitated from seawater, subsequently followed by sulfates (anhydrite/gypsum). When salinity of seawater reached 10 to 12 times (340‰ -360‰) of the normal seawater (35‰), halite (NaCl) starts to precipitate [57] . And finally potassium-magne-sium salts precipitate from supersaline water when the concentration of seawater approached more than 70 -90 times of the normal seawater. Following another transgression, the basin is filled with seawater again. Sequentially, with the decrease of sea level, another cycle of deposition starts in a nearly similar sequence. The fluctuation of sea level leads to the formation of Zechstein with seven cycles, from bottom to top: Werra (Z1), Stassfurt (Z2), Leine (Z3), Aller (Z4), Ohre (Z5), Friesland (Z6) and Fulda (Z7) in the NEGB (Figure 3) . Within each cycle, the mineral composition represents the progressing evaporitic condition. An ideal cycle starts with a transgressive non-evaporitic sediment (conglomerate, at the margin of the basin, sand-silt-mudstone-pelite), followed by carbonate, sulphate phase (anhydrite/gypsum), and ended by rock salt (halite), potash (K-or Mg-) salt. However, all these cycles were not equally deposited throughout the whole basin. Four main evaporatic cycles (Z1 -Z4) can be distinguished whereas the Z5, Z6 and Z7 are only locally developed in the NEGB. The salts in Z1, Z2, Z3 and Z4 have been intensively studied while the salts in Z5 (Na5), Z6 (Na6) and Z7 (Na7) are limitedly investigated. Therefore, the studies on Z1 salt (Na1), Z2 salt (Na2), Z3 salt (Na3) and Z4 salt (Na4) would be compared and analyzed as a majority of this paper.
Zechstein 1 Salt (Na1)
In the Early Upper Permian, following the initial transgression of Scandic Ocean (Greenland and Norwegian seas) the most Germany was flooded from northwest to south [16, 58, 59] . The transgression of Zechstein Sea was probably rapid and reached its maximum range at that time [18, 19, 60, 61] . After the rapid transgression an extensive regression followed, which made the NEGB an increasing of salinity and pH as a result of high evaporation, leading to the precipitation of Z1 anhydrite (A1) and Z1 salt (Na1) (Figure 4) . At the southern margin, a larger anhydrite platform developed with thickness up to 300m. Some barriers were built up by enormous A1 in the platform margin. Behind these barriers very thick salts (Na1) precipitated in the lagoon environment probably due to the higher evaporation rate in this area than that in open sea areas at the end of Z1 ( Figure 5 ).
In the NEGB, Na1 is locally distributed, mainly in the east of the basin, which was isolated from areas to the west during the Z1 regression [59] . Two facies of Na1, the basin and lagoon facies can be identified in the NEGB. In the basin, the thickness of Na1 is only 10 m to 60 m and its distribution is not uniform probably caused by the paleo-topography. In the lagoon, its thickness varies from 60 m to more than 300 m [59, 62] . From lagoon to basin the thickness of Na1 changes sharply, indicating an intensive variation of the salt depositional environments ( Figure 5 ). Na1 consists of predominant white halite (nearly over 90%) and minor potash salts. Potash salts (K-or Mg-salts) are mostly intercalation with 2 m to 10 m thickness within a considerable amount of halite beds and they are restricted to the most continental edge where the evaporation rate was the highest. Potash salts are predominantly composed of sylvite (KCl), carnallite (KClMgCl 2 ·6H 2 O) and kieserite (MgSO 4 ·H 2 O). The facies of these potash salts changed very quickly depending on their depositional environments, especially salinity of seawater. Where the potash salts deposited, the salinity of brine was the highest and these areas were probably isolated from the open sea at that time. Following a minor sea level rising, the accumulation of the Na1 was halted and another anhydrite (A1ß and A1α) were deposited with a high sedimentation rate in the NEGB.
In the surrounding areas of the NEGB, such as in Poland, the Oldest Halite (Na1) was deposited in saline pan to saline lagoon settings [63, 64] . Because the Na1 contain abundant primary textures and fabrics including chevrons, "hoppers", and cumulates of well-sorted fine crystals, it is used to infer the paleoenvironment of Zechstein salt via geochemical analyses (such as fluid inclusion, isotope analysis and Br concentration in the halite) and sedimentary facies [63] [64] [65] [66] . For example, Peryt and Kovalevich [63] and Cendón et al. [65] suggested that fluid inclusions in halite of the Na1 have a similar ion composition with the evaporated modern seawater. The bromine (Br) content in the Na1 indicates that the halite originated from evaporated Permian seawater.
Zechstein 2 Salt (Na2)
The second transgression started a new cycle of Zechstein deposits-Stassfurt (Z2) with the beginning of carbonate sedimentation. The Z2 transgression was slower than the Z1 transgression, which resulted in an extensive formation of carbonate platform [16, 18, 19, 58, 60, 61] . The Na2 salt was widely distributed in the central part of the basin with a thickness from 200 m to over 600 m ( Figure  6 ).
The Z2 salt deposition was multi-cyclic and which was probably triggered by minor transgressions as a result of salinity fluctuations. The lower Z2 salt grades from shallow-water halite into a deeper-water salt complex. The Na2 composes of major halite (about 95%) with thin intercalations of anhydrite. At the base and top of the cycle, the Na2 contains potassium-magnesium salts including sylvite, carnallite and kieserite. In the NEGB, the facies of potash salts show a great variability, which indicates an unstable depositional environment [57] . The Z2 potash salt beds, especially at the top of Na2, are widely extended in the NEGB [58] , which suggests that the climate is favorable for the precipitation of potash salt over the whole basin at the end of Z2. Based on the fluid inclusion data of the Z2 salt (e.g. sylvite), Vovnyuk and Czapowski [67] found that the chemical composition of primary inclusion in the halite belongs to the Na-K-Mg-Cl-SO 4 (SO 4 -rich) type and they proposed that the Z2 salts were deposited at a higher temperature from concentrated seawater.
The thick Z2 salt sequence is the main regional top seal for the underlying gas/oil reservoirs. These thick salts have been suggested to involve in the extensive salt movements in the NEGB and they became the main diapiric salts in the whole Southern Permian Basin [28, 29, 33, 68] . Mesozoic and Cenozoic strata overlying the Z2 Salt have been strongly deformed, which complicates the reconstruction of the primary thickness and composition of Z2 salts [8, 10, 11, 48] .
Zechstein 3 Salt (Na3)
Followed by the Platy Dolomite (Ca3) sedimentation, the Na3 salts were deposited almost the whole basin [62] . The Na3 was built up by a basal part of bedding halite and an upper part of thick potassium-magnesium salt layers. The thickness of the Na3 with predominated rock salt reaches 300 m to 400 m in the center of basin (FigFigure 6 . Z2 palaeogeography in the NEGB. The thick Na2 (200 to >600 m) in the basin center, reflects deeper water hypersaline environment and the major carbonate-anhydrite platform in the northern and southern margins, indicating shallow marine to saline conditions (based on [16, 58, 62] ). ure 7). Their thickness changes gradually from platform to basin, suggesting that the heterogeneity of the PreZechstein basement was only slightly influenced by the lithofacies of Z3. The potash seams in Z3 are limited but well mineable over a wide area in the NEGB, which indicates that their deposits are controlled by the interaction of sea-level fluctuations and the paleorelief. These potash seams are rich in sylvinites and poor in Mg-salts [58] .
Zechstein 4 Salt (Na4) and Upper Zechstein
Salt (Na5, Na6, Na7)
The sedimentary conditions in the Zechstein basin started to change gradually at the end of the Z3 deposition due to the increasing isolation of the Zechstein basin and the moistening of climate. From the fourth transgression the Zechstein Sea in this basin became permanently hypersaline [19] . Red salt clays, as the base of Z4, were deposited in such a hypersaline condition. A considerable thick Na4 was precipitated in the whole basin (Figure 8 ). Its thickness is up to 150 m in the center of the basin [56, 62] .
In the lower part of Na4, massive rock salts and potassium-magnesium salts were supposed to deposit in a marine environment. In the upper part of Na4, the alternation of saliferous claystone and thin halite indicates a Open Access OJG
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417 gradual change on the playa environment. At the end of Z4 the connection with the Zechstein Sea was cut off and the basin was isolated from the open sea [60, 69] . Salts (Na5, Na6, Na7) sedimentation retreated increasingly towards the center of the basin [62] . The Na5 was deposited in the nearly whole NEGB, while Na6 mainly distributed in the northwest part of the basin. The youngest Zechstein salt, Na7, is quite limited present northwest part of NEGB [62] . It is mainly distributed in Northwest German Basin [70] . At the end of Zechstein sedimentation, red continental sediments (Lower Triassic) entirely covered the whole basin.
Comparison on the Zechstein Salts
The Zechstein salts were deposited with a series of marine transgressions and regressions during the Upper Permian in the NEGB. Seven cycles of zechstein salts, Na1, Na2, Na3, Na4, Na5, Na6 and Na7, have been identified in this basin. The Na1 was precipitated only in a trap area surrounding by the anhydrite barrier (Figures 4  and 5) . The thickness of Na1 is up to 300 m in the lagoon environment. It locally distributed in the east part of the NEGB. The Na2 is widely deposited in the whole basin (Figure 6 ). Its thickness is over 500m in the center of the basin. The Na2 mainly consists of halite (about 95%) with thin intercalations of anhydrite. Exception of its mineable value, the Na2 is the host rock for hydrocarbon source and the top seal for hydrocarbon reservoirs as well as the radioactive waste. The Na3 consists of a basal part of bedding halite and an upper part of thick potassiummagnesium salt layers. The thickness of Na3 reaches 300 m to 400 m in the center of the basin (Figure 7) . Its thickness changes gradually from platform to basin. From the fourth transgression, the basin became permanently hypersaline. The thick Na4 were precipitated in the whole basin (Figure 8) . Its thickness reaches 150 m in the center of the basin. The Na4 mainly consists of halite and potash salts. At the end of Z4, the connection with the Zechstein Sea was cut off and the basin was isolated from open sea. Salts (Na5, Na6 and Na7) sedimentation retreated increasingly towards the center of this basin [62] . The Na5 was deposited in the nearly whole NEGB, while the younger Zechstein salts. Na6 and Na7 mainly distributed in the northwest part of the basin.
Evolution of Zechstein Salt

Salt Structures
The density of salts (about 2200 kg/m 3 ) is lower than other surrounding sediments in the subsurface [57, 61] . When the overburden is heavier than the salt, a positive buoyancy effect occurs [71] . Furthermore, the salts have a lower melting temperature and they become ductile at a temperature close to 245˚C [72] . Therefore salt is in an unstable substance in the subsurface (under 500 m). They behave as a visco-plastic flow in a geological timescale. Halokinesis (the process of flowing and rising of salt) occur when the differential pressure of stress exceeds the strength within the salts. In addition, due to the viscoplastic behaviour of salts, their layers usually act as a decoupling horizon between the substratums and the covers [57] , resulting in the formation of different salt structures, such as salt pillows and salt diapirs.
Salt pillows termed by Trusheim [31] , have the resultant sub-circular to elongated structures with a concordant overburden (Figure 9(a) ). They are formed by a local thickening of the salt in terms of horizontal salt flow. Salt pillows have been investigated to discover the initiation of salt movement as well as the direction of salt movement [36, 37] . Previous studies [33, 39, 73, 74] suggested that the direction of salt flow changes from horizontal to vertical in the late pillow stage.
In the later evolution of salt pillows, they may reach the diapiric stage and form diapirs when salts pierce out their covers (Figure 9(b) ). Thus a diapir has discordant contacts with overlying strata. Usually, salt diapirs are capped by young sediments. It was reported that the deformation (size, shape and type) of salt structures are highly dependent on many aspects, such as the composi- tion of salts, the position within the basin, the original thickness of the salts, the history of subsidence, sediment accumulation, the mechanical properties of sedimentary layers and the regional stress regime [41, 44, 75, 76] . In most cases, the surrounding rocks determine the deformation of salt structures. While the salt composition also influence the deformation. For instance, a thin-bedded alternation of anhydrite and salt can be deformed in a ductile manner, while one thick layer of anhydrite embedded in salt deforms in a brittle way [73] .
In the NEGB, a large number of salt pillows and salt diapirs developed as a result of extensive salt movements after Upper Permian deposition (Figure 10(a) ). Salt pillows with low amplitude and long wavelength occur predominately in the northern and western part of the NEGB, whereas tall and narrow diapirs are the typical salt structure in the south-eastern region. The abundance and amplitude of salt structures increase at the Gardelegen Fault in the southern basin margin while they increase at the Rheinsberg Trough in the east, as well as at the Grimmen High in the northeastern margin [8, 10] .
In the southern marginal part of the basin, salt diapirs with amplitude up to 4000 m are surrounded by salt withdrawal. Salt diapirs are aligned along axes parallel to the Gardelegen Fault and to the Rheinsberg Trough in the north of the Elbe Fault System. In contrast, salt deformation is less intensive in the northwestern part of the basin where only smooth, long wavelength salt pillows are developed. Salt layer with an average thickness of 1500 m in these pillows is presented. These salt pillows develop in various orientations, which are probably related to the direction of the stress field [8, 10] . The pillow amplitudes, in the northern part of the NEGB, generally increase from about 100 m at the basin margin up to about 1800 m in the center of the basin [29] . In the northern and central areas of the basin the cores of the pillows are mainly composed of the Z2 (Stassfurt) salt.
The moving rate of the salt in a diapir is dependent on its thickness and available spaces [36, 77] . The diapirism usually causes folds of salts in different orientations and microstructures, resulting in a complicated internal structure [78] . Regional compression during the Late Cretaceous to Early Cenozoic accelerates the rate of diapirism, and/or deforms some of the diapirs. So far, the complex internal structures in salt diapirs are still not very well known in the NEGB. Recently, the internal geometry of salt structures has been investigated for the exploration of hydrocarbon and other economic deposits within salt bodies [79] [80] [81] [82] . Van Gent, Urai and De Keijzer [83] mapped the complex internal structure of Zechstein salt domes using 3D seismic reflection data in Netherlands. The seismic methods combined with numerical modeling gives a clear insight on the internal structure of salt bodies without extensive drilling and construction of galleries.
Salt Movements
The Zechstein salt, like other salts, behaves as a detachment layer between its overlying strata and its substrata. They are high mobile, which facilitate the buckling via flowing into the anticlines or piercing out its covers during the Post-Permian deformation in the NEGB. The movements of salts created distinct salt structures in the NEGB, which has attracted great attention [35, 41, 42, [84] [85] [86] . However, the trigger initiating the salt movement is hotly debated. On one hand halokinesis and halotectonics are regarded as the main trigger forces for the salt movement. The halokinesis includes buoyancy, differential loading, gravity spreading and thermal convective while the halotectonics contains compression, extension, flexural buckling of the overburden, salt reduction and drag. In 1960, after analyzing 200 salt structures, Trusheim [31] suggested the buoyancy (the density inversion) was the key factor for initiation of salt movement in the North German Basin. On the other hand, Kossow et al. [29] suggested that salt structures in the northern part of the NEGB could be a result of overburden buckling. Once salt movement is initiated, gravitational instability becomes an important factor due to its specific physical properties (low density, ductile deformation). Therefore buoyancy would play an important role in the deformation of the overlying of salt at a condition that the salts inflow laterally or vertically [35] . Besides, with a heat-induced density inversion, thermal convection could lead to internal circulation, which further complicates the salt body, especially in the diapir.
In past decades, the regional tectonics is regarded as the major trigger for the movement of Zechstein salt in the NEGB because pulses of salt mobilization correlated temporally with the poly-phase regional tectonics in the Open Access OJG
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Open Access OJG 419 NEGB (as show in Table 1 ) [8, 10, 11, 30, 32, 51] . Based on the integrating results of 3D backstripping, 3D structural modeling and interpretation of seismic data, Scheck, Bayer and Lewerenz [8] and Hansen [32] suggested that salt movements in the NEGB mainly took place in two regional tectonics phases: Middle Triassic to Jurassic E-W directed extension interval and Late CretaceousEarly Cenozoic NNE-SSW directed compression interval. They proposed that salt started to move in a small scale at the Middle-Late Triassic, followed by an intensive movement during Jurassic extensional tectonics. The major phase of diapirs was formed in Late Cretaceous and Cenozoic time with basin-wide compression. In the central and southern parts of the NEGB, the salt structures were characterized by accelerated growth. Many of them pierced through their overlying strata at that time. However, Kossow et al. [28, 29] did not agree with the initiation time of salt movement. Reason was the missing of obvious indicators of salt movement during Late Triassic in the northern part of the NEGB, although the E-W extension has been observed across the whole basin. Instead, Kossow proposed that alt movement was probably s triggered by Late Jurassic to Early Cretaceous inversion tectonics in the northern part of the NEGB because most of salt pillows in this area were initiated in that time.
The primary thickness of salts has a substantial influence on salt movements and the deformation of its covers. Many advanced methods (such as back stripping, restoration section modeling and etc.) have been developed to disclose the initial salt thickness in this basin [8, 10, 11, 28, 29] . In the model of Kossow and Krawczyk [28] , the maximal Zechstein salt thickness reaches 1850 m in the centre, 650 m at the south and 1050 m at the north of this basin. In the model of Scheck, Bayer and Lewerenz [8] , the initial thickest of salt accumulates up to 2200 m in the Northwest of the basin (Figure 10(b) ) which is in agreement with the result of Schwab [87] , Kiersnowski et al. [88] and Strohmenger, Voigt and Zimdars [16] . From their models, the original Zechstein salt and overburden of salt are thickest in the northwestern part of the NEGB. However, in fact only limited salt pillows developed in this area. So Scheck, Bayer and Lewerenz [8] suggested that salt diapirism is difficult to form in this area because there is thick salt or thick overburden in the NEGB. However, this is not supported by the findings in the Northwest German Basin where salt diapirs largely developed in where the initial salt is thick whereas salt pillows form in where the initial salt is relatively thin [89, 90] . This contradiction could be attributed to the different mechanism governing the movement of salts. If a fault is present in the overlying, their contribution on salt movements is more significant than the thickness of salts.
It is suggested that the salt migrated from the basin centre to the southern and eastern margins to fill the weakness zones during the salt movement (Figure 10(b) ) [8] . But so far, there is limited knowledge about the exact timing or reasons of such a process. Scheck, Bayer and Lewerenz [8] reported that a possible reason could be the Jurassic-Early Cretaceous uplift of the northern part of the NEGB. This caused the development of a south-dipping slope at the Pre-Zechstein basement. This southdipping slope may have destabilized the isostatic equilibrium of the salt layer and initiated a down-slope salt flow without lateral displacement of the cover.
In the Southern Permian Basin, such as in the Netherland, the Northwest German Basin, and the Polish Basin, many Zechstein salt structures are related to large faults in the substrate [33, [90] [91] [92] [93] [94] . However, no clear spatial relationship between the salt structures and basement faults was found in the northern and central parts of the NEGB [28] because the faults in these areas are too small to cut through the base of Zechstein.
Salt Dissolution in the Subsurface
When unsaturated water influxes/penetrates to salt deposits, the dissolution of salt deposites occurs due to the high solubility of salts. In the subsurface where the dissolution takes place, there are pathways for unsaturated water penetrating to salt deposits. The regional faulting or fracturing has been suggested to cause such a pathway initiating the salt dissolution [95] . The dissolution of rock salts in the subsurface can create pore space, differential stresses, creep and ultimately subsidence. In some cases, original rock salts can be leached to discontinuous remnants of varying thickness and areal extent.
In the NEGB, based on the seismic data interpretation, scientists suggested that salt loss is relative small amount due to salt dissolution in periods of salt movements. However, Kossow et al. [29] suggested that salt dissolution is a critical feature in the diapiric structures since significant quantities of salt may be dissolved when a salt pierce through the overlying strata and reaches the surface or comes in contact with aquifers. The Wesenberg diaper, for example, located in the north center of the basin, lost apprimately 54% of its original slat amout dut to dissolution. In such a case, the amount of salt loss due to dissolution might be considerable in the diapir or in the diapiric stage. Based on the structure restoration of the NEGB, Kossow and Krawczyk [28] suggested that the periods of increased salt loss coincide with the time of increased tectonic activity. During tectonically quiet phases, salt loss occurred mainly below the rim synclines. The Zechstein salt in the NEGB decreased discontinuously through time to a total loss of approximately 55%. The loss rate increased during the Late Triassic when E-W extension took place. This indicates that the majority of salt loss is probably caused by salt movements in the NEGB. However, the exact rate of salt loss due to salt dissolution is hotly debated.
Recently, salt dissolution has been intensively investigated because of groundwater salinization and exploration of thermal energy in the NEGB [52, [96] [97] [98] [99] . Many salt meadows and saline springs have been found in the NEGB as a result of salty water reaching the shallow aquifer system (Figure 11 ) [1, 100] . It is found that highly salinity exists in deeper aquifer systems of the NEGB [101] [102] [103] [104] . The infiltration of meteoric water dissolves salt bodies during the stage of diapirism. The existence of Permian evaporation brines have been suggested as a reason of the high salinity of the deep aquifer systems. Around 25% of the North Germany aquifer system is affected by inland salinity in terms of upcoming of deep-seated salt waters and dilution of salt diapirs (Figure 11) [98] . The major, rare-earth element and isotopes (H, O, S, Sr, B) have been used to study the origin and processes of brines [51, 52, 102, 105, 106] . Tesmer et al. [52] suggested that the salinization of groundwater is mainly caused by halite (NaCl) and halite Ca-Cl brines in the NEGB. different aquifer complexes. An intensive salt diapirism leads to a complex geological environment with preferential flow paths and strong interactions among the temperature distribution, salt concentrations and groundwater flow fields. In addition, fluid-dynamics of driving saline water has been investigated to discover the groundwater salinization in the NEGB. Based on numerical simulations of transient thermohaline flow, Magri et al. [96] suggested that the upward flows of dissolved halite from deep-seated salt structures are driven by geothermal gradient in the NEGB.
Summary and Prospect
Seven cycles of Zechstein salts have been identified in this basin, from bottom to top, called Werra (Z1), Stassfur (Z2), Leine (Z3), Aller (Z4), Ohre (Z5), Friesland (Z6) and Fulda (Na7) salt. The composition, thickness and distribution of the salts are various, which are dependent on their depositional environments. The Na1 was only locally distributed in the marginal parts of the NEGB. The Na2 was widely deposited in the whole basin with an enormous thickness (over 500 m) in the center of the basin. The Na2 is an important reservoir rock for hydrocarbon storage caverns and radioactive waste disposal. The Na3 was precipitated in almost the whole basin. Its thickness increases gradually from the carbonate-anhydrite platform to the center of the basin, where the maximum thickness is 400 m. The Na4 was widely precipitated in the whole basin with a smaller thickness (about 150 m in the basin centre) than the lower salts. The Na5 was distributed in the large part of the NEGB, while the Na6 and Na7 were only deposited in the center
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Salt movement has occurred after the regional tectonics in the NEGB, which changed the original distribution of the Zechstein salt and resulted in the formation of different salt structures such as pillows and diapirs. Pulses of salt movement correlate temporally with the polyphase regional tectonics in this basin. Salt movement was more intensive in southeastern part (especially along the southern margin) than the northwestern part of the basin. Salt pillows predominately developed in the northwest part of basin while the narrow and tall salt diapirs mainly formed in the southeastern marginal areas. The direction of salt flow was supposed from the basin center (NW part) to the southern and eastern margins. The process of salt flow created various types of structural traps for hydrocarbons in the NEGB. Fracturing and folding along the margins of salt diapirs provide both the traps for oil and gas and the escape route for upward migrating fluids.
The significance of salt movement has attracted great effort to disclosing the mechanism behind these movements. However, scientific contradiction and debate still remain. For example, even though the tectonics sounds reasonable to initiate the movement, it can not interpret the salt movement in the area without tectonic occurrence. Besides, in the northwest part of the basin, the thick salt was supposed to produce intensive diapirsum. But observed were just a few diapirs. The reason for such abnormal phenomenon is not clear so far. Furthermore, in some areas, salt movement was active while it was passive and even ceased in the neighboring places where the triggers for movements were present (e.g. basin margins). The reason for the locality of salt movements is not yet clarified in the NEGB. So, in the further investigation, these ambiguous questions and thermal dynamics related to salt should be considered, which probably bring us a better understanding of the processes of salt movement.
Many methods and technology have been used to study salt deposits and related structures. Except the sedimentology and stratigraphy approaches, the geochemistry (including major/trace elements, isotope elements (Sr, S, O, H, C), fluid/solid inclusion analysis) and geophysics (including seismic interpretation, 3D structure modeling, backstripping modeling and restoration section modeling) have been well developed. More recently, bromide (Br) content in salts has been used to identify the processes or result of salt movement [108, 109] . Besides, X-ray texture goniometer has been used to analyze the microstructure of salt, which gives us a new view for the salt movement. In combination with the Br distribution, the microstructure of Na2 was supposed to date the real time of salt movement and to reveal the detailed processes of salt movement in a future study. With the advance of technologies, more and more new tools are expected to be used to clarify the uncertainty in NEGB as well as to predict the complex internal structures of salt bodies.
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